] i elevation.
tivation of these receptors (Kim et al., 2002 ; Ohno-ShoFurthermore, we measured PLC activity in intact neusaku et al., 2002a, 2003) . Therefore, some mechanism rons by using exogenous TRPC6 channel as a biosenmust exist to integrate two separate signals, namely, sor for the PLC product diacylglycerol and found that depolarization and receptor activation, for induction of the receptor-driven PLC activation exhibited similar endocannabinoid release. In the present study, we examined the role of PLC␤ in endocannabinoid release and analyzed the [Ca 2ϩ ] i dependence of PLC␤ activation in intact hippocampal neurons. We report that the receptor-driven endocannabinoid release requires PLC␤1, the one of the four PLC␤ isozymes enriched in the hippocampus, and depends sharply on [Ca 2ϩ ] i in a physiological range. We also demonstrate that the receptor-driven PLC␤1 activation exhibits a similar [Ca 2ϩ ] i dependence to that of the endocannabinoid release. We therefore conclude that PLC␤1 serves as a coincidence detector through its Ca 2ϩ dependency for triggering retrograde endocannabinoid signal in hippocampal neurons. , which are coupled to PLC␤. Among four isoforms of muscarinic acetylcholine receptors to the DSI enof PLC␤, PLC␤1 is the major isoform in the hippocampus hancement. Then we examined the timing dependence, (Watanabe et al., 1998) . We therefore examined whether by changing the relative timing of depolarization and PLC␤1 was involved in endocannabinoid release. We oriens stimulation ( Figure 1C ). In this set of experiments, performed paired whole-cell recordings from cultured we started oriens stimulation (100 Hz, 0.2 s) at 0 s (simulhippocampal neurons prepared from wild-type or taneously), 1 s, 2 s, or 3 s after the onset of depolarization PLC␤1 knockout mice and recorded IPSCs from one of (0 mV, 3 s). The enhancement of DSI was most effective the pair (the postsynaptic neuron) evoked by stimulating when oriens stimulation was applied during the latter the other (the presynaptic neuron). IPSCs in hippocamhalf of depolarization. When oriens stimulation was appal neurons can be classified as cannabinoid-sensitive plied just after the end of depolarization, no enhanceand cannabinoid-insensitive types (Ohno-Shosaku et ment was observed ( Figure 1C, . Cannabinoidpresynaptic cannabinoid sensitivity was normal in these sensitive IPSCs were selected by applying 2-AG (30 nM), neurons (Figures 2A and 2B) . Thus, these results indicate and then the effects of oxo-M (0.3 M) on IPSCs were that PLC␤1 activity is required for receptor-driven endoexamined. As exemplified in Figure 3A , oxo-M-induced cannabinoid release.
Results

Figure 1. Synaptic Activation of Muscarinic Receptors Enhances
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suppression was evident at pCa 6, but was not detectWe then examined whether PLC␤1 was required for able at pCa 8 or pCa 9. The [Ca 2ϩ ] i dependence of oxodepolarization-induced endocannabinoid release. Post-M-induced suppression is summarized in Figure 3B . Induction of crepancy is that the agonist concentrations were differsuch inward currents by DHPG or oxo-M was, however, ent. In the previous studies, we mainly used 50 M observed only in a minor fraction of control neurons in DHPG and 3 M oxo-M, which were ten times higher our culture system (3 out of 20 neurons for oxo-M, 3 than those used in the present study. Thus, it is possible out of 19 neurons for DHPG). In the majority of control that, even at a low [Ca 2ϩ ] i level, such a high dose of neurons, neither oxo-M nor DHPG generated detectable agonist activated PLC␤ to the extent sufficient to proinward currents (Figures 5B and 5C 
